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INTRODUCTION ) i

A rulemzking preceeding originegting in 'r'ood_ 2nd Drug
Acministratation's (FDA) Center for Food Sefety end Applied Nutrit<on
(formerly the Zureau of Foods) concluded that the tolerance focr PC2's
in fish and shellfish [21 C.F.R. §109.30(2)(7)] shorlc be cecreased
froem 5 ppm to 2 pem. Thet conciusion was rezched by use of a risk
essessment which incorporates aveileble rodent carcinogenesis bioasse
gatz &nd human exposure cata into & methemeticel mocdel to errive et
estimeies of risk posed by exposure to PC3'S. A lineer extrezsoiztica

from hich to Tow cCoses of the incidence o7 ret hepetoceliular czroing

En6 7 pom - wes used to celicuicte thet essessment. Tne cornCiusich we

het decreesing the tolerance from 5 ppm to 2 pam woulf€ decrezss the

-~
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risk of cancer %o the U.S. populeticn. For example, vsinc the teotel:

<+ & :clerence of S oo, %0 7.7 per GCC,000 et 2 vom. For

evereoe consumers oFf such fieh the corresponding sstimaies wsre 3.7 2
2.7 incicdences per 100,000 2t S pomm end 2 ppom, respectively.
2figr & formet hezring on the econgmic imsest of the rujemzxing,
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the finzl Agency decision. 7nis report cescrites the relevent deta

*h

thet were submitted and discusses the impect.c thecse cetz on the risk
assessment.

Over 100 scientific publiceztions 2nd reviews were submitted. A
1istino of those publicztions and reviews can be found in EAppendix I.
Only & porfion o7 those 100 publicztions impact directly on the

risk assessment. Those will be discussed below.

Eznerelly, newly submittad cate releting to the safety of 2C3's to

"

humans suoport the conclusion of the risk zssessment. 55 CEtz were
susmitted thet sicnificently refute the Tindincs of the risk

gssessment.

Appencix 11 contzins & listino of the twelve carcinocenesis
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studies submitied for censideretion by the lormissicner. Tn
divices those submissions into (&) studies cited in the risk

essessment, (b) stugies aveiledle but not cites in the risk as'ses-...en:,
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sedy

wnich were not in the scientific literature until after the risk
escessment had been cocmpleted. |

0f the six stugies cited in the risk assessment, cnlv two had dea!
thet were suitTicient enough to be included in the 2ctual extrepcleticr
of deta [Kimbrough (1975) eand NCI (1978)]. Tne detz of & thirc study
periormed 2t Indusiriel Biotesti Leboratcries were considered supsortiv
of the results but were considered unrelizdble beceuse of high
crtelity cf the rats curing the course of the study [falengrz (1973)]
The remzining three siudies cited in the risk 2ssessment were desmed
unreiizble by the zuthors of the risk essessment because the stugs

were not oFf sufficient cdurelicn to edecuetely ecsess the risk ¢f
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se stucies were deemed by this reviewsr 1o b

of insufficient duration fcr &n ececuaie essessment of cercinocenic

Tto et &). (1974)). Tne remeining study by Wesserman et 2}
cf sufficient cureticn Sut centeined enly Cone CoOSE Sroup &nt Cne
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€ €2Z0e NEverihelecs, this revizwsr



ne third group of caercinogcenesis studies cocnsists ¢f two stud

ey

es

which were published or cocmpleted afizr the éate ot the risk
‘assessment. First, Weltwmen and Nordeck (167C) reported the presence of
hepatic neoplastic nodules in réts that received 100 m;'n

2',2',4,4',5,5' -Hexechlorobiphenyl in the diet for 24 mcnths. Second,
the Monsanto Company submitied resulis of 2 study in which ra2ts were
fed a diet contzining 0,1,10 &nd 100 ppm Archlor 2254. Resulis showed
2n incicence of 3 o7 25 animels end 14 of 26 enimels with henztic
noduler hyperplesie in the 10 &nd 10D ppm groups rescectively {cbserves
Y 6f 23 controls) znc en incicdence of &4 of 25 enimels with hepeztomz <n
the 100 ppm dose group [Levinzkzs (19812)). Tne resuitis of the Two

stucies are in acresment with the stucies whose cete were included in

the extrezpoiztion for the risk zssescment, ..

Of the tweive studiec listes in Attechment 1I, eleven had repcrisec
incicences of hepztcme, hepetccelluler carcincme cr edencmg, or hepetic
neoplastic nocues; endpoint hisicpetholocies which were consicersd

thet hepetocelivier carcinome Or 2Cenome c2n resyit Trem fOS incestion
- fungenentel COSErVETICNS thet INTIUENCEC thE 2SSeSSwENRT &F Tisk.
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beings. The listing is divicded into those studies evaileble end thost
studies not aveileble &t the time of the risk essessment. None of
these studies were discussed in thet risk zesessment.

Of the studies 1isted in Appendix ]Il &nd reoresentztive of
dispesition and metabolism data on PCE's in the rat, two which were
availzble 2t the time of the risk assessment, reporied increeses in
liver enzymeiic activity and liver weight following 2 docseze of PLS's
[see Zcobichon and Comezru (1875) and Eruckner et 21. {1877)]. These
two Stucies &re nong meny repc?ts reviewed by Jenes €t &l. (131} enc
sutmitied by the Lhemicel Menuiecturers rfssccieticn. Tnis reviewer

cncludss thet there is censrel consensvs n the scien

tl

& ret were studied in

Disposition enc chemicel enelysis in &
cezed) by Shimede end Setc (1620) who concluded thet riS—moieties ere

eppersntly covelently bouncg to hepetic m

™

cremplecuies. his is



‘bloo¢ hzs been studied in workers exposed to PC2's.

Hunen liver functicn es meesured by the level of ectivity of

certein enzymes generelly zssocietec with the liver and present

why

n
Seven of ten

reports which were submitted reporied zhnormel liver Tunciicn. CF =
four avai_'lab]e 2t the time o7 the risk 2ssessment, three rescries

ebnormal resuits. In edditdon, Woifi et &l. (1€81) postu‘lated.t:-.a:
FC3's incuced the &ctivity of cy’icchrome P-£28 in livers o©f expossd
eleciricel workers ang Srown enc Jones (1881) Tound edrormal incice

3 S - - o - e - : e
VEr CZNCEr N ENDLUNET pTrUieciCn OV EXDLSEL wWOrkers.

supoort the noticn thet the liver is & target ergen for PUS's in
humens.

procuce hepioceiluler cercinemz enc ecencme in the ret &nd evicences
glbeil wezk, thet PCE's procuced Tiver cencer in expeses wOTKETS.
Trerefore, the exir:oclztion of “he redent datz end suls:zguent
cerrelztion of thet fete o men in the rick zececsment Ie noT refiz
by anv cf the ecciticnel cete.

iooengdix IV 95 g Gistinc ¢©f the--glevent resrocuztisn enc
teretcioey puciicelicns suomities.  The cete incicels thet the rco:
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Tne risk assessment Giscussed the report of Szrsotti et &i. (1276)
which demonstrated that PC8's incluced in the diet of femzle Rhesus
monkeys at 2.5 and 5.0 ppn (eight znimals per dosagce croup) six months
prior to meting, during gestation and four months afier birth of
offspring (while infants were nursing) produced significant texic

efTects. All females conceivec. Feour of seven 5 ppm cosed fenales

-cgve live births while seven of eight 2.5 ppm dosed Femeies cave live

births. Durinc the Tour months of nursing, infents from Bctih croups
developed hvperpicmentztion ebout the ha*-'lwe. Analyedis o7 <k

mothers' milk reveeled concentreticns of PC3's &t 2.2 <o €.2 cxm (on 2

Tt besis). Two infants from ezch crous died following wezn<ng. Prior

t0 cZeein, the inTenis developecd 211 the sicns of clessicel FLZ

poisienine (swoilen eye lics, ancrexiz, sceley skin, zcne, zicoecis,

loss ot evel

o
<
(14

shes, enc icss of weight). It wes conciuvded in the risk

™
w
n
m
w
!ﬂ

ent thet, orcinerily, ecequaie preiecticn frem such e77ects can

v

e egtteined for children end edults if = level ¢¥ toxiczant predrcing no

observebie edverse eTrects is de
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m
1

ineg. Here the €zTs €0 not permit
estepiishment of such & "no-ef7fect” level in monkeys. AiISO beczuse the

inTznt 4s ungergoine tremendous orfowih enc cifTerentizTicn doris
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contznination continues efter chilcdheod and throughcut Tife; thus the

risk estimates shown . . . [in this zsszssmeni] mey underestimete r

ody

s
" in years to ccme."

The two studies in Rhesus monkeys ccmpleted after the completion
of the risk 2ssessment ere a continuaticn of the stucv cited <n the
risk assessment [AMen et 21. (1980) and Bownan et 21. {i978)]. 1in t!
first, the mothers were fed & PCB-f.—ee, conirel diet ;‘or 1 year ztTier
the oricinal study and then mezted. Reprocuctive performance wes
necrm2i. Tne seconc is & report 07 behe *oran teSTS On the 1INTEnIS wne
surviveg the initiel study. Infents who had nursed ea milk From
mothers who had received 2.5 or 5.0 ppm PLC in their cdiszs nes
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months even theugh they were nc lenper nursine: Tissue concenirzticons
of PC8's decrezses linezrly in infents no loncer nursing.
A third study wes 2 reproguctive stucy in mink [Sleavins et &i.

(1ce0)]. PC2's in the diets of mink for 2 sezrs 2t 8.0 pp
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procuced ccmplete reprocuctive failure.

The mejor concerns reised in the risk zssessment, thet ihe czte ©



mothers during cestation and efter birth while nurs'.r.c still mey be
underestimated. No submitted evidence ellays thcse concerns.

Appendix V is 2 Hst ng of relevant exposure datz submitted. The
repert by \hckuor (1981) is a study done in Michigcan of the PC3
an2lysis of human milk from 1,057 women durinc 1977-i678. PC8
contzninetion in milk was 1.496 + 0.7586 ppm with & range frcm trace
gmounts to 2 m.axlimu'n of 5.100 ppm. Exznination of stucdes re::‘::rting
ana2lysis of human milk for PC3 .ccntz:nination reveals that in other
2reas where mothers are exposed to much lower envirgmmentzl levels of
PC5's the level of PC3's in milk is less. Dillon et 21. (1881}
repcried PCB levels in 154 sezmples cf milk coliected in Quebez of

0.837 + D.5292 pmm. Results of these studies support the uncertazinty
expressed in the risk 2ssessment becezuse they show thet Pi3°'s are

sresent in humen milk at nearly the szme levels &s those Tcund in
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Rhesus mothers' that hed received 2.5 or 5 ppm PC2 in their ciets. Xi

is uncertzir whether the in uterc or poctpartim (
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rursing) expecsure of the Rhesus offspring to PCSs wes responsikbie Tor

the texic effects, mortality, &nd learning c¢isebilities cossrvesd in T
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Zhesus inTents.
A rick essessment preperec for the Uniteg States Toncress, 973t

gv Assessment, [Crump and Masiermen (197C)7 we&s suswitisd
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erznce leve] for SCS's <n fish jower then the level cziculasad s
4me FDA riex pesESsment. nis reviewer corgluces
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the FDA'risk assessment, beceause the two risk assessmenis &re besad ¢
¢ifferent assumptions. Moreover, (rump eng Mastermen based their ris
extrapolation in part on the da2tz from the lifetime feeding study by
Calandra (1975). Tne authors of the FDA risk assessment desmed the
Calancra study, which wes performed at Industrial Biotest Leboretcrie
1o be unrelizble bgrause of high mortelity of the rats during the

course of the study.

refute the conclusions oFf the 2ssessmer
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1. No cete were submit

2. Adcitiong) cdete were submitted thet suppert the cgaciusicns ¢

the

risk 2ssessment. Tnece Include stugies th:zt show:

a. Liver is 2 tzrcet orgen in roceats, non-humen primgies eénd

huaens.

b. Adverse iiver Tunctien waé‘ctservsf in non-humas srimates anc
numeng; ingreisec liver weignls ~ere Cdservec in rolents and
crimetes.

c. Liver noguier hyserplizeis, hepeicme end cholangichepeicme w2re



€. PCZ-moieties were found epperently covélently bound to

macromolecules in ret hepztocytes.
3. No data were submitted that refute cor 2iter the cenclusions and
speculztions of potential reproductive risks considered in the risk

assa2ssment. -

4. A no 2cverse efiect dosage level for the observed reproductive an

toxic effects in Rhesus monkeys has nct been determined. Tnese effec

reise concerns zbout PCR toxicity in eddition to carcinoesnesis.

E. In ierms of reprocuctiive efiects, the subhumen primeie eppzers to
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niore sensitive than the rocent; more cdete a2re recuired Tg

o>

sensitivity of the primeie to cercinceenic ectivity of PL2's.

6. Tne exposure to PC3's ir fish encd shellvish is in additicn ro the
other humen expesures elrezdy existine from milk, manufacturesd dair

procducts, eccs, pouliry and ciher sources.

The relevent deate sutmitisg in respence t0 & recuest Tor- zfciticnel

cztez on hezith gffects of 7C2's suozert the finfings znf conciusien:
the rigk 2ctescement that 2 resutiion ¢f the tolerence Sor PIS's inm
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APPIRDIX 1
"Reference List-¢f All Sutmissions Reviewed

Agrawal, A.X., Tilscn, H.A. and 2ordy, S_.C. 2,8,3¢
chlorobirhenyl qiven to mice prenetelily produce
cdecreases in sirietel decemine end receptor binding
candete nucleus. Toxicol. Letters 1981; 7:417-221.

Albro, P.W. and Fishbein, L. Intestin2l absorption ©f polvchi
nated biphenyls in rats. 3Bull. Enviren. Contam. Texicol. 2
§:26.

Alien, J.R..2nd Barsotti, D.A. The effects c©f transpleacental
mammary movement of PC3s on invent Rhesus monkeys. Texico
1e76; 6:321-340.

Allen, J.R., Barsotti, D.A. end Cercstens, L.A. Residuel eif
ef colvchlerineted biphenvls on eduit non-himan primeztes &ng T
cffeoring. J. Toxicel. Envirgnm. Health 1€E85; §:35-566.

Altmen, N.K., New, A.E., ™Clonneil, £.Z. end Fzreil, 7T.L.
cpontenecus outbrezk of peiychioringied Sighenyi-{7{S) toxicic
Rnesus monkevs (Mecece muierta): cliniczl cbservett
Leserziery Animel Science 1879; 29:6831-853.

Eahn, et 2l. Melanom fier excosure o PL3c. NEw Inc

oma &f:
JournaT of Madicine 1678; 2¢8:4

Behn, et 1. PC2 &nc melencme. New Ingiend Joprnad ef Mscd
1977; 2%6::08. .

Beiiey, J., Knauf, V., Mueller, ¥. 2nd Hobson, W. Trznsfer
hexzchiorczenzene znd polychlerinated biphenyis te nursimg in
Rhesus menkeyS enhances  toxicity. Eavirca. Res. 1
21:100-165.

Py T « 2} Mg zbhmty eryErCec & eExXs=Ci:-
uC‘Er, - €% . rETESCIC CCNSECUENLEE [y EXLTSC e
poivchicrinetes oiphenyl (PC3) in sewece siudge. ~mer
Ipicdemiei. 1€80; 112:223.

Creezmn ~ 2 Crysrammcpne2l frpenne '.--’1ﬁﬁ - o pmmier Eyem e e
ZETEENL, V.7, eV IT LT lieli 1SV ewi o Es et . et VY SIG pu a7y
their  zssessment. fnvirormentel Hegith FerepscTives 2
2g:.7i-22.

Carscizi, 2.4., YMerler, R.3. znd Allen, C.32. [ecroduc
eysfungzicn  in Rhesus  meongevs  exIlegn i Tow  lgvsls
anivcnicringted Dighenvis (Arzenlor (38, FE. {os—msT. Toxacoi.
TeTE. 1L:8%.303
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12.

13.

14,

16.

17.

19,

Berry, D.L., Sleoe, T.J., DiGicvenni, J.. end Juchauy, M.R. St
with chlorinzted dibenzo-p-dicxins, polybreminztea biphenyi
polychlorinated biphenyls in & two-stege system oF mouse
tunoripenesis: potsnt enticercinogenic effects. Aan. NY
Sci. 1979; 320:405-412. ) Tt

Eertazzi, P.A. et 2). Mortezlity study of mzle and femaie wc
exposed to PCEs. Internztional Symposium ¢cn Prev. of (
Cencer. Helinski, Finlend, April 21-24, 1981.

Biocce, M., Gupte, 3.N., Chae, K., McKinney, J.D. znd Moore,
Toxicity of selected svametrical hexachlorobiphenyl isomers i
mouse. Toxicol. Appl. Phermacol. 16E1; EEg:461-472.

Bleavins, M.R., Aulerich, R.J. and Ringer, R.K. Polychlori
biphenyls (Arochlor 1016 end Arochlor 1242): effecis on sur
eénd reproduction in mink 2and ferreis. . Arch. Eavircna. Co:
Toxicol. 1°80; ©:627-835.

Bowmen, R.E., Heironimus, M.P. and Allen, J.R. Correlet

icn o
body odurcden with behavicral toxicoicoy in wmenkevs. Pherm.
g8icchem. Behav. 197g; 9:49-36.

Scwnen, R.f., Meircnimus, M.P. end Barsot:i,” D_A. lzcor
hyperactivity in PC3-gxpcsed Rhesus MORKEYS. Nsuroicxic:
1%g1; Z2:Z51-2€6.

Sowmnen, R.L. &ng hReircnimus, M.P. Hypoectivity 1in e&dcle:
meonkeve peringtelly exscsed 1o PCSg encd hyperettiive &s Juven
Neurcbenevicrel Toxicci. and Teretcl. 1981; 3:18-1Z2.

grown, 0.P. end Jones; M. Morteli
of workers exposed to pelychlorine
Hezith 1€81; 26:120-1z¢.

ty &nd industrigl hyoiene s
ted biphenyls. Arch. Inv-

Erown, J.F., Coe, J.7., &nd Pocock, H.D. Humzn HeaTih ZTiec:
Zlectricei-Srede PC2'c." Tne Genergl Electiric Coxpeny (3c2l).
Sruckner, Jo.Y., Jieng, W., Erown, J.M., Putchz, L., Chu, C.X.
Steile, V.J. The infTluence c¢f ingesstica ¢f gnvircnmens
enccunteres levels c¢f &. commercizlly ocivechlerinztesd izt
mixzurs (irgchior 1Z238Y con grug metidcliism.  J. Phermecsio
txp. Therego. 19077; 202:22-31

Sutcher, R.L. &ng Pece, R.D. Introduciiry remerks: eEenvironTe
gnc encocencus  hgzercs o the fznele vreorodugiive sys
Snvircnmente? Health fzrecectives i€S1: 3E:35-37.
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Calendre, J.C. Summery of ;onco‘lomcal studies cn comme
PC8's. Proceedings of 2 Hztionel Canference on Polyvchicri
Biphenyls. uncz.., ] ninois, Noveroer i8-z1,
£PA-550/6-75-008 35-42 (1¢€78). . .

Cheng, K.J., Hsieh, X.H., lee, 7.P., Teng, S.Y. &nd Tunc,
Immunolecic eveluation of patients with PCB pocisening: cete
2ticn of lvmphocyte subpcpuletieons. Toxicololesy and Ap;
Pharmezcolooy 1981; 61:58-62.

Chase, K.H. et al. Clinicel and metabolic ebncrmzlitie:
occupational exposure to polychlerinated biphenyl. Precente
the /mericen Occupaticna)l Hezi:h (Converence. rtlente, &zor
Mey 1, 1¢8k, 28 pp.

m

Chou, S.M,, Miike, T.L., Pzwne, W.M. and Davis,
Neurcpethology of “spinning svngrom® inducsd by prec
intoxicetion with PCE2 in mice. Ann. NY Aced. Sci :
320:273-384.

Collins, W.T. and Cepen, C.C. Thyroid glenés of cerin
€xD0Seld _i_'\_ UT. ro &ng by the milk to polyckiorinetsd bi
Am. J. Pztnol. :C80; ©99:128-1:2. - -

Crimr, k.S. enc Mestermen, M. Assessment cf Carcinccenic =
frem 2C3 in Focg." Prepared for Unitad Stezes Conc"e<s (s
of |echnolonv Contract £022.1350.0 (1979).

Diilon, J. C., Mertin, G.8. &nd Q'Srien, N.7. Pesticids rscgit
in milk., fd. Cosmet. 1 -

Drill, Friess, Heys, Locomis e&nd Schef¥

Effects in the Humen from Exoosure to Pelvchlcrimeted ZSicaes
(PC3's) and Relezted Impurities.” Prepare€ e&s incenen
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eng E2ison flectric Institute (1682).

er, inc. Potentiel Hei

Drinker, C.K., Werren, M.F. é&nd Zennett, G.A. The predism
systemic effects from ceriein chigrinzted hydrocarSins. oo D
Evg. Toxicol. 1€37; 1¢:28Z.

feobichon, D.5. &ng (omearu, AM. Iscmericstiy oSure chicrs
chenyl congeners engd hepetic Tuncticn in the r2l: invliusnce
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1e7s; Z3:¢2.
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220:203. _
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Gerthof¥, L., Cerre, F.E. &nd Marks, E.M. Blccd chemistry zizer
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exposes prengtzily teo pesticides end cpolychlcrineted biphen
(FC3). Envirormenta) Research 1979; 18:427-223,

Hasecawa, H. et al. PRepcrt on survey ef worTk z2ree envircnme
where P(3S 1

Speciei re
L

w .
(1 1]

ncied eand of the heeith cf workers heangling Pf
on preventicn of environmsntal rocliviion

oert
PC5-1ike substances. Jepen, Reseerch Ccordinetinmg Bureezu, Scier
&nc Technoiccy Acency, 1872, pp. 141-1€9,

#ori, S., OCbene, H., Xeshimoto, 7., Oteake, 1S
Ikegemi, N., Kunite, N. 2ng Uda, H. Eicicgiczl effectis of =
end releted pelyvchlorinetes compounds c©m Cree monk
Proceedings of the 7th Symposium on Invirormemtiel Pellutants
Toxicclogy, Kebe, 1€80.

[

m o
™Mt e

Ingustrial Bip-tsst Leaboretories. Reports to Monsento CLompen
Two-veer chrenic toxicity with Arochlor 128z, 1
gibino rats. Unpublished reports, 187 No. 272
ice7l.

incue, K., Tekaznexe, A., Mizckani, ¥X., Fujimeori, M., Suncuchi, ¥
Kesuve, Y. &nd Cmeri, Y. Effecte of polychlc—ineied Lipnenyis
“+he monocxvcenece eysiems in fetel Vivers ¢F reis.  GoxTcci. &
Appi. Phermecct. 1G81; £0:3.D-327.

Zeport cf the Interecency Reculeaigry Lieistn &rcus, Work E8rcouo
Rigk Acsessment. Scientific Zeses Tor lcentliftizzticn of Poisnzi
Cercircgens eng tstimeticn of Risks. o. RWet. Llencer Iamst. 1E7
£2:2%2-258 .

TAXC Monocrach on PCS's. Volume 12, Otisser, 1STE.



5.

46.

47.

48.
49

0.

52.

e
co.

<
by mice by technica) pE'sych‘.crir."eﬁ biphenyvls &nd 1its preme
ic

to, N., Wapaseki, H., Arei, M., Mezkivre, S., Sugcinezre, S.
Yiraco, X. Histcpatholecgic studies cn liver t:...crige 1289

effect on liver tumors inguced by benzene hexachlor
Cancer Inst. 1973; 51:1637-1546.

I1to, N., Negaszki, H., Arai, M., Mekiure, S. Bistcroethacelo
studies on liver . tumoricenesis  in rats trezied
polychlorinated biphenyls. €ann 187&; 65:545-520.

Jemes, R.C., Cranmer, M.F., Harbiscn, R.D. “"A Techrnicel Revie:
the Hezlth gffects of PCBs" Prepered by Ecology and Zavirorm
Inc. (1981).

Jelinek, C. and Corneluissen, .P.E. Llevels of PCZ2s in =he

food supply. Procesdings of 2 Neticnal ConTerence cn Foivehni
nated 3iphenyls. Chicecc, Illinois, Novemner 18-23i, 1
EPA-SE0/6-75-006 147-154 (1¢S78).

Johnson, H.T., .Welker, E.M., Ereene, W.B., Zuvghson., .0,
Fennigar, €.R. Effect s of prelernced exposure tG distzry ODT
PC8 on ret liver morphoicgy. #Arch. Inviroma. Ceontan. Toxi
1¢31; 10:171-183. - N
Keshimote, 7., Mivetz, H. &ng Xuniteg, N. The srssgence ¢f o
chlorinzies querterchenyis in the tissues of Yusho victims.
Cosmet. Toxicol. 1981: 19:335-3£0.

Kimbrouch, R.D., Linder, R.E., Burse, V.W. &nd Jcsnnings,
Acencfitresis in the ret liver with persisience oF polychicrin
biphenvis in &cipose tissue. Arch. ccnviromm., Hezith 1
27:390-:95.

Kimbrcouen, R.D. é&nd Lincer, R.E. The inductira 57 &ferofibr
eng hepeicmas of the liver. in mice of the 3ALE/cS sirzin
oclvchlerineted biphenvls (Zrochier 1Z52). Jeurnay of
nezionel Cencer Institute 1974; 52:522-322.

Kimure, N. 2nd 3ebe, 7. hecpiestic chences in r2t jiver ind
byvoolvehicringtesd bipnenyi. EGenn 1873, £& 281-2:25.

Kimerouen, R.D., vire, R.A., Linfer, R.Z., Strengczurzs, &
¥onzezliid, R.5. &ndé Zurse, V.W. incugticn ¢ Giver Tomors
Shermen strezin Temele reis by polveaicrinzisd bLiche-ai Zr-oc
1z80. Sseurngl  OoFf  the Neticnet (Canger  InsTizize 2
$2:1253-183¢80

]

{reigs, X g zi. ~sgeICIELiCn ¢ 2.2z prszssyre
- - PRy Yaves - e [P - - -

sciycnicrinegzel Iitnenyi levels, U. rFTE" ¥zZ. ~ESST. L

-~ oa - - - .-

’ - S m ™

- cbawe



W

0% A B

Ch

on
~t

o
[$}]
.

Kuwebura, K., Yekushiii, T., Wetznedbe, 1., -Yeshice, S., Yovame, K.
end Kunita, N. Increzse in the -humen blcod PC3 levels promptly
Tollewing ingestion of fish contezinino PLE's. Eull. Envircmm.
Conizm. Toxicol. 1979; 21:273-278. .
Lawton, R.W,., et 2. Studies of Emplovess Occupeticnéliv £xposed
to PC3's. Interm report prepered for the Generzl Eleciric
Company.

Levinzgkas, 6.J. “A Review and Evazluztion of Carcinogenicity
tudies in Mice and Rats and Mutegenicity Studies with
Polvchlorinzted Biphenyls” 128la, (Unpublished repcr:z, The
Monsanto (0.).

Levinzkas, 6.J. "Toxicity of Arochlor precducts 1242, 1732 d 1250
to the liver of 2albino rats. 1981b (unpuvblished Reposrr, The
Monsanto Compeany). |

T.8. &nd Kimbrouch, R.D. Tne eTtect cof

Lincer, R.EZ., Ganis, .
ocivchiorinatsd b*.:*.eny':s on rer reprocuction. rFee€ end Cos: s:ir.
Toxicolooy 197¢; 12:63-77

Ltcose, L.D., Silkworth, J.B., Chersenneeu, T. end £ivnenstock, F.
Environmente) crem g)l-inducec mecreonéce GysTuncTion.
Trnvironmentel Heelth FPerspectives 1821; 26:79-€1.

5

Lucier, E.W. &nd McDaniel, 0. Develccmente! tioxicolezy of the
helcgengted ercmatic eff e:ts 0n Enzvme cevelepment. AnRn. RY Aced.
Sci. 167¢; 320:££0-457.

terks, T.A., Ximmel, G&.L. é&nd Steples, R.E. Infivence of
svametrical pc'lychlcrmctsd biphenyl iscmers cn embr _-o eng fetel
develooment in mice. Toxicol. &nd ~sppl. Phermecci. 2CE1;
61:2602-275.

Meroni, M., Cohmbi A., Cezntoni, S., Fercli, E£. and Foaz, V.
ceus "c.a‘. excosure iS5 eceivehnt ov-n.a:ed Sizhenvies in elsciric:sd
workers. 1. ervr"""nenta] end bicod peiychicrineted bLiphenyls
concentretic grit. J. Industr. Mzd. 182ia; 35:48-3L.

vwercni, Y., Ccicmsi, AL, Sriosti, E., fgnieni, S. enc Toe, V.o
Ccuseticnel excosure to poivenioringied Sisrenvic ia slieziriced
creere. Il. hezith eifscts. grit. 5. ingustr. Meg.  le2l:z:
2:33-60.

“azthews, H.Z. end Andersgn, M.W. Effect cf chicrinzied gon the
cdiciributicn 2nc¢ greretion of soivinloringtss Siznenvis. orus
“etzp., Dissecs. 1673: 3:3TI.

“zotessn, 2., Mzttecon, AL, Kihlstrom, J.I. 2nc Linfzni-lizesiing,
. IfFfscte of @ onExzcnigringtsd Sascnegnvi on iwmInic orcTEns E@ns
rzear=zign o0F ‘recuces in SrefnEnt Tice. argh. Invirsam., Coarten.
Toxicoi. 1€g1; 10:281-Z8¢E



7

7

~!

1.

2.

\0

veios, J.W. et 21. Chloracne frcm  an unusuel exposure to
arochlor. J. %mer. Med. Assoc. 195¢; 134:1417.

Michigen Depertment of DPudlic Health. Fin2l recort on FDA

contract 223-73-2209, “Evaluaticn of chances in the 'leve'l (31
polychlorinzted biphenyls (PCEs) in humen tissue.” 16735,

Mizutanj, T., Hidzka, K., Che, T., Matsumoto, M., Yamzncto, K. and
Tajima, K. Comparztive study on z2ccumuleztion &nd eliminzzicn of
hexachlorobiphenyls and decachlorecbiphenyl in mice. Buli.
Environm. Contam. Toxicol. 1980: 25:181-187.

Nagasaki, H., Tomii, S.. Mece, T., Merucami, . end Izo, N.
Hepatocarc1nooemc1ty o7 po'lycn'lormewd b\pnenyls in mice. Gann

1972; 63:805. .
Netional Cancer Instituts. Biceassay of Arcchler 1zZ32 for oossible
carcinocenicity. Carcinocenesis Techniczl Repor:t Series No. Z2.
CAS No. 273Z3-18-8 NCI-CG-TR-38 (1978).

Neticnel Institute for Occuneaticne) Sevsty ang re2ith. (Criisrie
fcr recommended siancérd occupeiionel exposure i oeiyvchigrinzted
biphenyic (PC3's). DATW Publ. No. 77 (1977). - N

neticnel Merine Fisheries Service. (cmpencdum of PLE Ceate. &GAA,

U.S. Depariment of Ccmmerce, Weshincton, DC (1976).

Norback, D.H., Mack, I., PReccy, G.;-Brit:, J. 2nC Hsiz, M.T.
Metcao'hs-x gnd biliery excreticn of 2,£,5,2°,8',3'-hexzchiorc-
Sipnenyl in the Rhesus menkey (Macece res. Lo, in
Chem. Pethol. anc Pharmecel. 19"‘1, 32:71-85.

Quw, H.K., Simpson, G.R. and Sivali, D.S. Use zng heel

th effects
o+ Arochlor 1242, 2 rtolychlorineted biphenyl, 1n &n electriczi
indusiry. Arch. Inviron. Fealth 1676; 21:18¢.
frestion, 38.D., ‘.‘an:‘-‘:insr, J.7., Mocre, R.W. &nd Allen, J.R.
Prcmcting e7vects of polychiorineted biphenyis (Arochior 12325 ang
moivehlorinzied cibenzofuren-free Arcochlor 1252 or cziethvinitro-
sznine-inguced timericenesis in the -z, Journe! of tne Netiome’
fencer Instizute 10210 88:23€-213.

Scheeng, R.  Mutzceniciiy tsstine cf chicringtzZ bichenyis &ng
c...cnm—.:e citenzofirzng. Mutetion Regserch 10225 1TIi:82.Zs.
Schoeng, R.S., S=ith, C.C. enc Llooer. J.C. gnm-mutizzenicity for
Ceimeneilez ¢ The chicrinzisc Rworosicpons A-sgalss D23 TUZLi-
=-icnigrosenzens, mirex ing  WsICrne. ¥“utzzign Sssezrzn 1ETC;
£3:12Z8-%2C.



Shimage, T. end Szte, R. Covilent bindine cof peolwchiorinater
biphenyis to re&t liver microscmes. Toxicoi. #£ppl. Pharmacol.
1080; £5:420-500.

Silkworth, J.85. and Lloose, L.D. Assessment of enviromnentezl
contaminant-induced lymphocyte dysfunctien. Znvironmentzl Ke:zith
Perspectives 1981; 39:105-128.

Smith, A.B., et 2l. Metzbolic and hez2lth consecuences of
occupetional ex e to polychlorineted biphenyis (PLSs). Draft

Josur
reosort, NiOSH, 198l.

Storm, J.E., Hart, J.L. end Smith, R.E. Behavior of mice zfter.
pre- ang post-nztal exposure to Arochlor 1Z33. HKeurobehavioreal
Toxicol. and Terztol. 1981; 3:5-0.

Tenegbe, S., Nekacewa, Y. and Tetsukewz, R. Abscrgticon efficiency
znd Sicliecice? heif-life. of incivicuel chiorzhipnenyis in rezs
trezted with kznechior preoducts. Agric. RBiol. nem. JIQF1;
£3:717-726.
L] -

Tnomes, P.T. &nd Hinsgill, R.D. Perinetel PL2 exposure gnd its
effect on the immune tvstem of young reddits. ODruc end Chemicel
Toxicol. 1Cg0; 2:173-124%.

Tilson, H.A., Devis, €.J., MclLzchlen,- J.A. end lucier, E.W. The
esfects of polychlorinzied bipnenyls given prengtzily on the
neurgbehevicre)l cevelicoment oF mice. Environmeniz] Resesrch 127%;
12:£66-474.

Torok, P. and wWeber, L.W.D. Disiribution of golychicrobiphenyis
in precnant mice end fetuses on vericus d2ys oFf gestericn. Arch.
Contezmnin. Toxicol. 1SR1; 10:286-296.

Treon, J.F., Clevelend, F.P., Ceppel, J.W. end Atchiev, R.W. The
texicity of vepors of Arochler 1242 eng Arcchior 1234, An. Inc.

Kvg. Assoc. Guar: 1885; 17:204.

L
venkiiler, J.7.. Fse, 1.0. &nd Ailen, J.R. 2istridution ang
metzbolism ¢of [<H]2,5.,2'.5'-tetrechlorodicheny? in reis. Froc.
Scc. Exp.'Sio0l. Meo. 1673; 14E:8EZ
vicicnik, ¥.J. &nc lech, J.3. Trensfer ef 2,f£.5,2°,2'.5°'-hexe-~
thierctizhenyl %o fetuses and. nursing effecring. I. Jigsozsiticn in
srecnznt gnc lezteting mice ene 2ccomiiticn inm youmg. Toxicol.
g0 ADD1. Fharmeacol, 1€%0e: 38:2€2-300.



0
L)

(e
~J

wr

n
0

L
Ny

O

o

Ly -

vodicnik, M.J., Elcecmbe, C.R. end lech,” J.J. The transTer of
n

2,4,5,2',4',5' -hexzchlorobiphenyl to  fetuses zng nursing
offspnng. 11. Incuciion ef hnepetic micrcscmel =cnocxygenase
activity 1in pregnent and leactaiing wmice é&nc their younc.
Toxicol. &nd Ph2rmacol. -SE o, :4 301-310.

Warshew, R., fischbein, A., Thornton, J., ¥iller, A. e&nd
Sehko.., 1.0. Decrease in vit2l cepacity in PCS-exposen
workers in a czpzcitor menufacturing facility. Annel WY
Acad. Sci. 1979; 320:277-283.

wWesserman, D., Miller, H.J. and Wessermzn, M. Polvchliorinezed
bipnenyl-induced rat liver acencmas. TJoxicol. fur. Res. 187E;
l:15¢e-172.

katanabe. M. and Sugeharz, T. Experimental fermation of cleft
palete in mice with polychlorinzted biphenyis (PC3). Texicolccy
10Bi. 10:4¢-53. )

welitmen &no Norpeck. tepatic witrasiructiurail cnénces ¢r rats
exposed to polychlorinated bichenyl  ispmers: Fexgchicro-
biphenyli-incucses nsodlestic nocduies. Toxiecol. 2o2el. Phemecst.

L5 A1EY (1879). -

s - ;-

n‘;ckizer, i Y. &nd ori'}?iant, L
biphenyl in humen milk. Pediar

Wolff, ¥.S., Tnoricn, J., Fischbein, A., Lilis, . R. &nd SelikesT,
1.4. Disposition of polvehiorineted biphenyl (conceners din
occupetionglly expesed persons. Toxicol. Appl. fhar rmecol. 1681
62:2¢4-205.

'NO]”, M.S., Anderson, H.A. e&nd Selikofv, I.JO. Human tissue
burdens cf helcgenetes erometic chemiczis In Michiean. J. Aner.
¥ed. Assoc. 1©8Z; Z227:2112-71l6.

Yoshimure, H. &t &gl. Stucies on the exserimsntzl FIT ooiscning
in Rhesus eng” crec-e&iing monkeys 1i. Fuk. Actz. Mec. 162D
72:133-13%,

gck, J.A. et &l ortzlity of PLZ workers &t the Monseanto
lent in Selgei, I1lincis. In premeretion.

Zimmermen, N, Poiychloringtes biphenyis in  Erest Lzxss
fisn--toxiccicgicei justificziien Vor cwering The 3ETtctsctTinis
ctencers w0 2 -pm. ioxic Sucetince Lonirsi Zommiestion, Stzte o
“icnicen. 1CGEC.



(

APPENDEX 1

Carcinogencsis Data

a) Studies ciled in Lhe risk assessment

Specics  Duration
Hice 32 wks
Hice 11 mos
Rals 11 nns
Ratls, 23 mos

female
(200 Sherman)

Rals

20/sex/
aroup(H & F)
Fisher JA4

Rals 21 mos
50/snx/

qroup(H & F)

Char les River

f Dose Groups

Ohscrvat ions

105 wks -

3 plus
conlrols

3 plus
conlrols

3 plus

conlrols

I plus
conlrols
(100 ppn)
(diel)

3 dose plus
conlrals
(24,50 & 100 ppm)

J dase plus
conlrols

Nodular
hyperptlasia,
hepatocellular
carcinomas

Hepatoma

No ohscrvalions
reported in
original risk
assessment or
olther submilted
malerials

llepatncelinlar
carc inomas

(26 of 184 animals)

]
liepatacellular
care inoma and
adenoma

lliepatoma, hepal lc
nodular

hyperplasta

Analysist

Not of sufficient
duration for
carcinogenesis
risk assessment

Mot of sufficient
duration for
carcinogenesis
risk assessment

Mot of sufficient

duration for
carcinogenesis
risk assessment

Used in original
risk assessment

Used in original
risk assessment

Considered
unrellable hecoanse

study of high

mortal fly; hul data

was considered

Author

Ito et al.(1973)

Kimbrough and
Linder(1974)

" Kimhrough et al.

(1973)

Kimhrough et al.
(1975) '

NCI(1970)

Calandra
(1975)

supportative of resulle



APPENDEX 1

h)  Stwbies available bul not cited in the risk assessment

Species Mal fon Observal ions

e e e e — s ——

f Dase Groups

Mice 312 wks 3 plus Hodular
conlrols hyplasia;
carcinoma
Rats, ) 62 vks 1; llepat ic
female no control adenomatons
nodules
Rals, 20 mns 1 plus lepatocellular
Female conlrol adenoma
(6 per dose) (unciear
significance)
’ N .
Rals 52 wks 3 plus Nodular
conlrol hyperplasia
(all dase
qroups)
’ !

Analysis#*

Not of sufficient
duralion for
carcinagenesis
risk asscssment

Not of sufficient
duralion for
carcinogencsis
risk assessment

6 animals in dose
group; resulls
inappropriate for
adequate risk
assessment

Not of sufficient
duration for

carc Inogenesis
risk asscssmenl

Mualtysis by Lhis reviewer based on Lhe crilerla used in Lhe risk assessment,

Author

Nagasaki et al,
(1972) '

Kimura and
Baha(1973)

Hasscrman el al.
(1970)

[to et al.(1974)



o~

APPENDEX T

L ¢) Sukies nbt avaitahle al the Lime of the risk assessment

Species Duralion I bose Groups Ohservakions ) Author

flals 24 mas 1 dase lepatic neoplastic - HWeltman and
qroup{ 100 ppm nodnles of question- Norheck(1979)
dicl) able significance

(details Timited;
published as an

abslract)
Ral g ‘24 mos J dnse qroups; Hepatic nodular . l.evinakas
-1 cantrol hyperplasia ' -(19813)
(1,10,100 ppm and linpatoma;
diel) significant in high

dose qroup only



APPLHDEX 111
Evidence That Liver is a Target Organ For PCO

a) Stlies available al the time of risk assessment

Type of Study Species Ohscrvat ions Author
[pideminloqgy fhanan . Liver function; Meigs et al. (1954)
Lxposed to PCH's normal
Hhmian Liver Function; llasegawa el al.
Fxposed to PCR's abnormal (1972)
Himan Liver Ffinction; Kitanura et al.
Exposed Lo PCB's normal (1973) '
Mman Liver function; Ouw ct al. (1976)
Lxposed Lo PCB's " some abmormalilies
observed
Nisposition Ra'l. . PCi's induce Ecohichon and
© llepalic enzynes Comearu(197%)
Nisposilion . ftal Liver weight and Bruckner ct al.
enzynes activity; (1977)
PCB's increased |lver
(diet) ' weighlss hepatiec
micrasomal enzyne
aclivily
Dlupas it ion fat and Rals eliminale 76% VanHitler el a1,
(divt) I'r imate PCH's In 3 days (1975)

days. Primales
eliminate 2% In 3 days
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APPENDIX 111
Evidence That Liver is a Target Organ for PCB

-h) Studies not: availahle at Lhe Lime of the risk assessment

Type of Study Spec les " Obsorvations Author
Epidemiology © Ihmnan Liver function; Fischbein et al.
Exposed to PCR's abnormal (1979) — —
hman Liver Function; Baker et al.
Expased to PCR's normal (1980)" —
Thmman Liver function; Maroni et al.
Exposed to PCB's abnormal . (1901 a,b)"
Himan ~ Liver function; Kreiss ct al.
Exposed to PCR's - almormal (t9ol) — —
Ihman _ Liver Funclion; " Smith et al.
Exposed to PCR's : abnormal (1981)
thanan Liver function; Chase et al.
Exposed to PCD's abnormal (1901)
Ihman Inducement of : Holiff et al,
hepatic enzyes (19m)
(cyLochrome /' -448)
Himan Abnormal incidence . Brown & Jones
| of Viver cancer {1901)
Mspas it ion and Ral PCH metabol fsm; : Shimada & Sato
chomical analysis PCO-mo fel fes found (1900

appareal ly covalenkly
covalently hound Lo
hepatic macromodecules



APPENDIX 11T

Evidence That Liver is a Targel Organ for PCO

h) Stwlics nol available at the time of the risk assessment (continued)

Type of Study Species Variable Tested Observations

Subchronic Rat . Liver palhology Liver necrosis
afler 16 wks
feeding 75 ppm PCB'S

Hinkey Liver palhology - Enlarged VYiver;
afler feeding 40 ppm unspecified
PCB's for 20 wks liver pathology
Rhesus monkey Liver enzyme activity Increased acliv-
' after 72 mos of feed- ity of hepatic
ing § ppm PCB's DT-diaphorase

and henzof a)
pyrene-3-
! . hylroxylase

Author

Johnson et al.
(19u1)

Hori et 31.
(190807

Yoshimma et 2[.
(1901)



AI’I’ENDI( Iv
Reproduction and Teratnlongy Experiments

Stuldies nol available ai the Lime of the risk assessment

Type _of Sty Species Variable Tested Observations Author

Teraloloqy Mice Teratogenic cffects; Cleft palates Watanabe & Sugahara
PC's given by S.C. induced in dose- (1901)
route related manner; '

Fetal deaths and
low conception at

5 mg/ky
Hice llexachlorob iphenyl Increased Marks 35 31.
given by gavage; incidence of (1901)
2,4,0 & 16 mg/kg/day cleft and hydro-

(14,28,56, & 112 ppn) nephrosis.
A no effect level
was nol observed

Mice NDaily oral admini- Ohserved in- Mattsson et al.

stration of 0.5 mg creases in fetal (v981) — T
§ PCO's to pregnant liver weights in
dans on days 12-10 Lreated groups
of pregnancy
Reproduct fon Ral Reproduct ive per- No ohsarved Gellort and Wilson

formance of daas ef fecls (1979)
fod 30 mg/kg of : :

several conmercial
preparal fons of PCO's
(equivalent Lo 400 ppm

in diet)
fal Fed 0,50,500 ppm Litler size Coliins & Capen
PCI's Lo 3 groups decreased in (1900)
of dams during 500 ppn group;
pregnancy amd untli welyhts of pups

Mg are weaned al From molhors



APPENDEX IV

Reproduct ion and Teratology Experiments

h) Stirlies nol availahle at the time of the risk assessment (continued)

Type of Study

Reproduct ion

theiroloxicily

Species

— et a———

Mink

Rhesus monkey

Rhusys'mnnkny

Variahle Tested

PCB's in diets of
mink for 2 years

2 groups; 5 ppn
and 2 ppm

Mothers fed PCO's
at 2.5 and 5.0 ppm
for 10 mos were fed
conlral diets for

1 year

Behavioral Lests
conducled on J
surviving infanls
whose molhers had
been fed 2.% or 5.0
ppm PCB prior Lo,
during amd afler
gestation, TJest
conducled after
infanks hal bheen
weaned

Observations

Complete
reproduct ive
failure

Adult monkeys

had ‘normal
reproduct ive
periormance afler
1 yuar

PCB concentrations
in infant tissucs
decreased Vincarly
with time; increascd
errors in Sof 9
learning tasks con-
dueled hetween 8 and
24 mos in infonts
whose molhers had
received PEi's

Author

Bleavins et al.
(1900)

Allen el al.
(1900)— —

Bovman ot al.

— a——

(1976) _



APPERDIX V

Exposure dala

a) Sltwdiecs availahle al the time of the risk assessment

Type of Sludy  Species
fenlogy Ihmman
Cpidemioloqy Fish

h) Sltudies not

Fpideminlogy

Ohservations

PCH contamination

of rivers
soil and

, acean,
fish

Lhroughoul Jdapan.
Posilive corrclalion

of PCB's

in regions

and concenlration of

rcl's in

himan mink

$
availahle at the time of the risk asscssment

Hem an
1,057 women
ages 17-44

thwman
(mebee,

194 samples

PCH contaminat ion
of hunan milk:

mean 1.5

PCB's pre

milk pres

0.8 ppm;
sent in
wmed to he

a result of environ-

mental co

Concentyolion of PCR's
at Lhe same level Lhat
was Telotoxic in Rhesus

monkeys

ntaminal fon,

PCH contaminal fon
of himan milk;

moan 0.03

e ¥ .

110.529 pro;

Author

bad

Fujiwara,
(1975)

HWickizer T,
(1901)

Nillon et al,
(1901)

o
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